Bean is considered as one of the most important legumes around the world. Viral diseases are a major yield reducing factor in bean production. Bean samples with virus-like symptoms like severe or mild mosaic, vein banding, leaf curling, blistering and necrosis were collected from different bean fields in Urmia (Northwest of Iran) during the growing seasons of 2013 and 2014. Bean common mosaic virus (BCMV), Bean common mosaic necrosis virus (BCMNV), Bean yellow mosaic virus (BYMV), Cucumber mosaic virus (CMV), Tomato spotted wilt virus (TSWV), Tomato mosaic virus (ToMV) and Tomato yellow leaf curl virus (TYLCV) were detected by double antibody sandwich enzyme-linkedimmunosorbent assay. Mixed infection of BCMV and BCMNV were found. BCMNV was the most frequent virus in this region whereas BYMV and TYLCV were each detected just in one sample. This is the first report of BCMNV, BCMV, BYMV, TSWV, TMV and TYLCV incidence on bean in Urmia, Iran.
INTRODUCTION
The common bean (Phaseolus vulgaris L.) is one of the major food legumes produced on over 26 million hectares worldwide (Mavrič and Šustar-Vozlič, 2004; Loebenstein et al., 2009) . Virus diseases are a major yield reducing factor in bean production. Thirty four different virus species have been reported to infect common bean naturally (Arli-Sokman et al., 2016) .
Economically the most important viruses are potyviruses including Bean common mosaic virus (BCMV), Bean common mosaic necrosis virus (BCMNV) and Bean yellow mosaic virus (BYMV). Other important viruses on bean are Cucumber mosaic virus (CMV), Southern bean mosaic virus (SBMV),
Tobacco streak virus (TSV) and Tomato aspermy virus (TAV) (Brunt et al., 1996; Kumar et al., 1994) . These viruses are transmitted by insect vectors, mainly aphids with the exception of TSV that is transmitted by thripses and SBMV that is transmitted by been leaf beetle. Some of them can be transmitted by seed (Loebenstein et al., 2009 ). Insect transmission is very important for virus spread on short distances while seed transmission is the most important factor in the spread of viruses around the world. Because of the high seed transmission rate (up to 83 %), BCMV and BCMNV are economically the most important viruses of common bean (Mavrič and Šustar-Vozlič, 2004) . For example, BCMV can reduce yield up to 24 % (Kumar et al., 1994) . BCMV, BYMV and BCMNV have been reported from bean-growing regions of Iran (Kaiser and Mossahebi, 1974; Shahraeen et al., 2002; Shahraeen et al., 2005; Peyambari et al., 2011; Ghasemzadeh et al., 2012; Ghobakhloo et al., 2012; Salari et al., 2013 (Kaiser and Mossahebi, 1974; Shahraeen et al., 2005; Alavi and Massumi, 2014) . BCMV has been recognized as a major constraint on bean production in Iran. Bean is one of the most important cultivated crop in West Azarbaijan province covering around 1346 ha with the mean yield of 2 t ha -1 , but until now there was no data on viral diseases of this crop in this region. The occurrence, frequency and distribution of seven viruses including BCMV, BCMNV, BYMV, CMV, Tomato spotted wilt virus (TSWV), Tomato mosaic virus (ToMV) and Tomato yellow leaf curl virus (TYLCV) in bean growing areas of Urmia, the largest bean growing region in West Azarbaijan province were studied in 2013 and 2014 and are presented in the article.
MATERIALS AND METHODS

Plant material
A set of 195 symptomatic samples of bean showing severe or mild mosaic, vein banding, leaf curling, blistering and necrosis on leaves was collected from bean growing areas of Emamzadeh-Gharachelar, Ghafar Behi, Jabal, Balo, Nazloo (Urmia University campus) and Aliabad regions around the city of Urmia during the 2013 and 2014 growing seasons. Each sample was put in a plastic bag, labelled and stored at 4 °C.
Virus detection
Double
antibody sandwich enzyme linked immunosorbent assay (DAS-ELISA) was used for detection of BYMV, BCMV, BCMNV, TSWV, CMV, ToMV, TYLCV according to Clark and Adams (1977) method with minor changes using commercial polyclonal antisera obtained from DSMZ (Braunschweig, Germany). ELISA plates were coated with coating buffer containing anti-BCMV, BYMV, BCMNV, TSWV, CMV, ToMV and TYLCV polyclonal antibodies (1:1000) and the plates were incubated at 37 °C for 3 h. Each sample was diluted 1:5 with extraction buffer (8 g NaCl, 0.2 g KH 2 PO 4 , 0.2 g NaN 3 , 0.5 ml Tween 20 and 2 % PVP in 1 l of distilled H 2 O, pH 7.4). The diluted plant sap extracts were added to the wells (100 μl). Two replicates were used for each sample. Plates were kept at 4 °C overnight, then rinsed three times with washing buffer. Conjugated polyclonal antibody was diluted (1:1000) in conjugate buffer and was loaded into each well. The plate was incubated at 37 °C for 3 h. Finally, 10 mg of p-nitrophenyl phosphate (Sigma) in 10 ml of substrate buffer was added to the wells and incubated at room temperature for 30-60 min. Absorbance values were read at 405 nm (A405) using a microplate reader (BioTek ELX-808, USA). Healthy plants were used as negative controls and samples were considered to be positive when the absorbance values at 405 nm values exceeded at least tree time the mean of the negative controls.
Maintenance of the viruses
Bean plants were planted in pots in a greenhouse and inoculated with virus isolate prepared from systemically infected leaves macerated in a chilled sterilized 0.01 M cold phosphate buffer (K 2 HPO 4 + KH 2 PO 4 ), pH 7.0 (1 : 6 [w/v] tissue : buffer). Inoculation on plants at the three-leaf stage was done using the rub method on carborundum-dusted leaves. The plants were observed weekly for symptom development for 5 weeks and samples for DAS-ELISA were taken at each observation time. (Table 1) . DAS-ELISA results showed the presence of BCMNV and BCMV in all bean-producing parts around Urmia where samples were taken. BYMV, TYLCV and TSWV were only detected in Aliabad, the largest bean-growing area in Urmia. ToMV was detected in Emamzadeh-Gharachelar and Nazloo and CMV was detected in EmamzadehGharachelar and Ghafar Behi regions. Mixed infection of BCMNV and BCMV were also detected in two samples from Aliabad region. According to DAS-ELISA results BCMNV was the dominant virus in Urmia, so one of the isolates was inoculated and monitored on Phaseolus vulgaris L. in the greenhouse. The necrotic symptoms were seen 5 to 6 days after inoculation (Figure 2 ) and the presence of the virus was confirmed by DAS-ELISA. The incidence and distribution of BCMV, BCMNV, BYMV, TYLCV, TMV and TSWV in bean growing areas of Urmia were not similar to each other. BCMNV infection was the highest. As in Urmia, BCMV and BCMNV are the most prevalent viruses in common bean also in other areas of the world. Since both viruses were found in the same areas and even in the same plant, recombinations between them are possible and can lead to creation of new strains or even new pathotypes (Vallejoes et al., 2006) in Urmia.
RESULTS AND DISCUSSION
Previous studies reported that the incidences of BCMNV strains is lower than those of BCMV strains in most bean production areas of the world (Berger et al., 1997; Kostova et al., 2003; Petrović et al., 2010) , but our two year survey in Urmia bean-producing regions indicated that BCMNV is prevalent in most regions.
In most visited areas, especially in Aliabad region, high rate of viral infection was observed. DAS-ELISA test showed different infection rates in various places. The highest infection rate of BCMNV was found in Emamzadeh-Gharachelar and Aliabad probably due to virulence of this virus, high population of the vectors in these areas and suitable weather condition for infection.
TYLCV was found on common bean with a disease incidence of 50 to 70 % showing thickening and crumpling of leaves and stunting in northern Anhui Province, China (Ji et al., 2012) . Hosseini and Eini Gandomani (2014) detected gemini viruses on bean in Zanjan province, Iran. We detected TYLCV in only one symptomatic sample in Aliabad region.
BCMNV was reported for the first time and in high abundance in Urmia indicating the spread of viral diseases with climate change and global warming. There has not been any data on occurrence and importance of viral diseases on bean and their spread in nature in the province since now. Investigation on occurrence, spread and determination of dominant viruses of bean are very important especially for implementation of proper diagnostic methods and management techniques, especially breeding for resistance. According to the local observations, symptoms of viral diseases on bean farms of this province are increasing considerably in recent years. Our results also showed high rate of virus infection in the area and confirmed these observations. 
CONCLUSION
Viruses are known to greatly reduce bean yield. BCMV and BCMNV, two economically very important bean viruses transmitted by several aphid species and by seed, were found in high incidence in West Azarbaijan province, Urmia region using DAS-ELISA. Most of the mosaic and systemic necrosis symptoms observed in bean plants in the field could be attributed to these two viruses. Additionally, the presence of BYMV, TYLCV, ToMV, CMV and TSWV was confirmed. To our knowledge this is the first report of TSWV incidence on bean in Iran and the first report of the presence of BCMNV, BCMV, BYMV, TYLCV, ToMV, CMV and TSWV in West Azarbaijan province, Urmia (Iran).
Results of this study are the base for further work on ecology, epidemiology, diversity and breeding for resistance to bean viruses in Urmia and also in Iran.
